ABSTRACT
INTRODUCTION
Most solar activities such as filaments eruptions, flares and coronal mass ejections (CMEs) are dominated by magnetic fields. All these eruptions phenomena are energetic events due to explosive release of magnetic field energy (Krall et al. 1982; Shibata et al. 1995; Wang 1994; Tsuneta 1996; Forbes 2000; Bond et al. 2001; Priest & Forbes 2003; Nindos 2012) . The magnetic field distributions and magnetic energies contained in active regions play the key roles in producing solar flares. Hence, the knowledge of magnetic field is necessary to understand solar activities (Valori et al. 2005; Wiegelmann & Sakurai 2012) . Previous researchers have studied lots of magnetic parameters related to the productions of flares, such as the magnetic flux of the active region (McIntosh 1990) , the shear angle (Lv et al. 1993) , the inductive electric field (Liu & Zhang 2008 ) and the magnetic helicity (Nindos & Zhang 2002 . It is undoubted that there should exist changes of magnetic field before and after flares, since the sources of kinetic and thermal energy of flare are the magnetic energy release. The enhancements of transverse magnetic field were found after flare for some active regions (Wang et al. 2005; Su et al. 2012; Wang et al. 2012) , which match the theoretical models (Hudson 2008 (Hudson , 2011 Li et al. 2011; Wang et al. 2012 ). More precisely, it is a fact that the flare energy comes from magnetic free energy, which is magnetic energy available in corona for conversion into kinetic and thermal energy (Regnier & Priest 2007) . So the studies of relationships between free energy and flares may reveal more physical essences of flare productions. For example, Jing et al. (2009) found a positive correlation between the free energy and the flare index (Abramenko 2005) , Sun et al. (2012) found there are evident decreases of free energy after the solar flares.
The whole spaces above the active regions are filled with magnetic fields, whose evolutions should be exhibited in whole spaces above active regions. However the magnetic fields with sufficient resolution and accuracy usually be measured on the photosphere, while magnetic field measurements in chromosphere and corona are only available for a few special cases (Solanki et al. -4 -2003; Lin et al. 2004; Van Doorsselaere et al. 2008) . To study the properties of spatial magnetic fields, the magnetic field extrapolations should be applied actually. Force free extrapolation is an classical method used to study solar spatial magnetic field recently. Force free extrapolations are based on the assumption that there is no Lorentz force in the whole space of active region, which can be expressed by (∇ × B) × B = 0 mathematically. The spatial/coronal magnetic fields can be reconstructed from this physical model (namely, force free model: (∇ × B) × B = 0, ∇ · B = 0), in which the observed photospheric magnetic fields are taken as a boundary conditions (Wu et al. 1990; Mikic et al. 1994; Amari et al. 1997; Sakurai 1981; Yan & Sakurai 2000; Wheatland et al. 2000; Wiegelmann 2004; Song et al. 2006; He & Wang 2008; Liu et al. 2011a,b) . It means that coronal magnetic fields are considered to be force free, while at the boundary it is connected to the photospheric magnetic fields observed.
In this paper, force free extrapolation (Song et al. 2006; Liu et al. 2011b ) is used to obtained spatial magnetic field of active region, then the properties of magnetic field topology and free magnetic energy are studied. The main researches are targeted at the changes of magnetic field topology and free magnetic energy before and after solar flares, and the results are gained by large sample statistically. The remainder of this paper is organized as follows. In Section 2 the data and extrapolation method used are presented. In Section 3 the results are shown. At last, the discussions and conclusions are given in Section 4.
OBSERVATIONS DATA AND EXTRAPOLATION METHOD
The photosphere magnetograms used as boundary for extrapolation are observed by Solar 
where B L and B T are the line-of-sight and transverse component of the photospheric field, respectively. θ is the inclination between the vector magnetic field and the direction normal to the solar surface and φ is the field azimuth. C L and C T are the calibration coefficients for the longitudinal and transverse magnetic fields, respectively. In this study, C L and C T are 8381 G and 6790 G (Wang, Ai & Deng 1996; Su & Zhang 2004) , respectively, which are obtained by theoretical calibration. After routine data processing of HSOS data, the spatial resolution of observational data is actually 2 arcsec/pixel × 2 arcse/pixel and 3σ noise levels of vector magnetograms are 20 G and 150 G for longitudinal and transverse components, respectively. To resolve 180
• ambiguity, the method of minimum energy are employed, this method minimizes simultaneously both the divergence of the magnetic field (∇ · B) and the electric current density (J = ∇ × B) using a simulated annealing algorithm (Metcalf 1994; Metcalf et al. 2006) . At last, the components of the vector magnetic field projected and re-mapped to local heliographic coordinates are used for magnetic field extrapolation.
The approximate vertical integration (AVI) method (Song et al. 2006 ) was improved from the direct integration method (Wu et al. 1990 ) basing on equations (5)- (8).
The magnetic field is reconstructed by the following formula firstly in AVI method,
assuming the second-order continuous partial derivatives in a certain height range, 0< z <H (H is the height from the photosphere). In Equations (9)- (11), ξ 1 , ξ 2 and ξ 3 mainly depend on z and slowly vary with x and y, while F 1 , F 2 and F 3 mainly depend on x and y and weakly vary with z, which are mathematical representation of the similarity solutions. In solar active regions, we cannot seek analytical solutions for the magnetic field, but we can construct an analytical asymptotic solutions within a thin layer.
After constructing the magnetic field, the following integration equations,
are used to carry out the extrapolation. The solutions of the above equations can be found in Song et al. (2006) . The performances of this AVI extrapolation method are evaluated in some previous studies. Through the related investigations and comparisons, it is concluded that this method is acceptable for corona magnetic field extrapolation (Song et al. 2006 Liu et al. 2011a,b) . Also there are some actual applications about this AVI extrapolation to study the chromosphere and corona magnetic field Li et al. 2011a; Liu et al. 2011b ). Table 1 are chosen for this study. In the table, the number of active region (NOAA), the observation time, the flare eruption time, the flare level and the deviation of flux are given.
RESULTS

In this work
The extrapolated fields should represent the solutions of force-free equations ((∇×B)×B = 0, ∇ · B = 0) approximately, so the extent of force-and divergence-freeness of extrapolated field should be checked at first. The criterion of force-freeness σ J ,
where
and the criterion of divergence-freeness f i ,
are used to check the quality of the extrapolated field (Wheatland et al. 2000; DeRosa et al. 2009 ). On the whole the extrapolated field for these active regions approximately satisfy conditions of force-free equations since the criterion of force-freeness and divergence-freeness are acceptable at some extent, and the extrapolated field lines can match coronal loops for global structures. So it is reasonable to tentatively study the properties of spatial magnetic fields for these active regions using the extrapolated fields. It is considered traditionally that free magnetic energy is more related to solar flare. The free magnetic energy is the energy difference between actual magnetic field and the corresponding potential field (the minimum energy state for a given photosphere boundary condition). In the practical application, free magnetic energy can be calculated by the following formula:
where V is the computational volume from photosphere to corona, and the superscripts N and P represent the non-linear force free field (approximate actual space magnetic field of active region) and the potential field, respectively. Fig6 shows the changes of free energy of those active regions. 
DISCUSSIONS AND CONCLUSIONS
In this work, the statistical researches on the properties of space magnetic field before and after solar flare are presented basing on observations obtained by SMFT installed at HSOS. The regularization of magnetic topology indicated partially by the changes of inclination angle can display the evolutions of active region spatial magnetic fields. While free magnetic energy is related the most profound physical essence, which can explicate the productions of solar flare undoubtedly, due to solar flare energy come from free magnetic energy. So the main studies are focused on the changes of inclination angles and free magnetic energy before and after solar flare in this research.
The selection criteria described in the above section for active regions with flare eruption are very rigorous in this study, since the precise changes of magnetic field after solar flare are the primary focuses, at last 23 active regions are chosen as data sample in this study. Through calculations, it is found that 16 (69%) active regions with inclination angle increases, it is means that the transverse fields increase relatively after solar flare, which can match the previous theoretical model (Hudson 2008 (Hudson , 2011 . For free magnetic energy, there are 17 (74%) active regions with the decreases of free energy, which are similar to some previous research results (Sun et al. 2012) . It is noted for the changes of free magnetic energy that changes amplitudes of free energy decreases are larger than those of free energy increases. Similarly, the changes amplitudes of inclination angle increases are larger than those of inclination angle decreases.
In this paper, the sensitive magnetic parameters related to the productions of solar flare are calculated from the observations. It can not give the exact conclusions which parameter is direct related to solar flare. However, it can be concluded that the results of most active regions agree with the previous studies, which have given the conclusions that the transverse magnetic field (free magnetic energy) will increase (decrease) after the eruption of solar flare. 
